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April 23, 1839. 

The  PR.ESIDENT in  the Chair. 

The  following  were balloted for and elected:-T. J. Bfaude, 
TV. Pearce, S. B. Worthington, as Graduates; J. C. Prior, Lient. 
R. C. I\loody, R. E., as Associates. 

'( On Steam  Boilers  and  Steam  Engines.*' By  Josiah  Parkes, 
M. Inst. C. E." 

Steam I n  a preceding  communicationt  the  author had treated of the 
amount of evaporation in different  kinds  of  boilers in common Use; 

and Steam 
~ ~ ~ i ~ ~ ~ .  i n  the present, he  treats of their  peculiar  and  relative  merits as evil- 

porative vessels ; the laws which  regulate  the  amount of evaporation 
for assigned heated  surfaces;  and  the  practical  rules  whereby  the 
performance  of  boilers  may  be  tested. The  water evaporated and 
fuel consumed, had been  tabulated  in the previous  communication ; 
the  author  now gives the dimensions of the several boilers-the area 
of  the grates-the area of  heat-absorbing  surfaces,  and the  rates of 
combustion  and  evaporation. The connexion  of the boiler with  the 
engine as regards  the  proportion of boiler to engine  power,  is reserved 
for consideration in a subsequent  communication ; the  attention  is 
now confined to the influence of the proportions  of the  parts on the 
performance of boilers  for a given  weight of coal. Evaporation  may 
be considered  as the measure of the  useful effect obtained  from any 
weight of fuel, or, together  with  the  duty  done by an engine, the 
measure of the useful effect of a given  weight of water  in  the shape 
of steam. The  author insists  on the  importance of  ascertaining  with 
accuracy the  weight of the  water,  which in the  shape of steam  bas 
passed through  the  cylinder of an engine. The  weight of water, or 
quantity of steam,  requisite  for  producing a given  effect or duty,  was 
the subject of continual  research by Smeaton;  and  the basis of 
Watt's discoveries. 

The  author  being  led to make  observations on evaporation  twenty 
years  ago, soon perceived that  the completeness and  rate of com- 
bustion, the proportion of the  grates  to  the  combustion effected upon 
them and to the whole  heat-absorbing surface, were  important 
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elements  in  evaporative economy. These  elements,  in  the  author's 
own  experiments at  Warwick,  where slow combustion was pushed to 
nearly  its  furthest limit-in those  of  Smeaton at  Long Benton-of 
Rennie  and  Watt  at  the Albion Alills-of M. de  Pambour on the 
Locomotive  Engine,  in  which  intensity of  combustion and evaporative 
power  are  at  their  highest limits-of Nicholas  Wood on the   K i l l i~~g-  
worth Engine-and of Mr. Henwood,  and  others,  on  the  Cornish 
Boiler-are the data  for  the analysis of the evaporative effects ; the 
true causes  of which in  the  several  experiments,  the  author  now  at- 
tempts  to develope.' The  authentic fiacts here recorded of the work- 
i ~ ~ g  of boilers and  engines of established  credit  and  notoricty, will 
enable the cmp!oper of any boiler or engine t.o compare  his  practice 
with specimens of acknowledged  and  well-attested  merit. 

The  results  derived  from the above data  are  arranged in a tabular 
form, so as to  cxhihit a t  once the relation  which  any  one  property 
and  the several  parts of the boiler  bear to  any  other,  and  to  the effects 
produced, the  amount  and  activity of the combustion (to  which  the 
author assigns the  term ctclorijk forrcs), and  the modifications it 
experiences by the  structure  and disposition  of the several  parts. 

There  are also  certain  quantities  and  relations  which  exert a pecu- 
liar influence  over the results,  which,  being rightly ascertained, am 
exponential  or  indicative  of the practice of each  particular  boiler; 
these Mr. Parkes calls the exponents of that boiler, and  are as 
€ollow :- 

T h e  quantity of coal burnt  under a boiler in a given time,-the 
quantity  burnt on  each square foot of grate per  hour,-the quantity 
of water  evaporated  per  square foot of heated surface--and the 
number of pounds of water  evaporated by a given  quantity of coal. 
Besides  this, the influence of tirlze, that is, the  time of duration of 
any  given  portion of heat a b u t  a boiler,  and  about  equal  areas of 
surface,  demands  our most attentive consideration, and is  specially 
treated of at  the close of the paper. It appears  most  distinctly, that 
the boilers  tested as to  their  merit  by  their  respective  evaporative 
economy, arrange  themselves in  the  inverse  order of the  rate of 
combustion-the  Cornish  boiler being  greatly  superior  to all the 
others  when  tested in  this  manner,  as well also as in respect if  time 
is selected as the  standard of  comparison, whereby to mark the scale 
of descent  from the  highest  point of excellence yet  attained  in 
evaporative economy. For  this purposer  then, the Cornish  results  aro 
considered as unity. 

The author has been unable to obtain any similar data for the Ma&e Boilet. 
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The value of the exponents  for the Cornish,  Wagon  and LOCO- 
motive  Boiler  respectively, are collected together  in  the  following 
Table,  which will serve to  shew  at  one  glance  the  respective  values 
of the Boilers on  this comparison. 

I Boiler. 

I-- 
Cornish . . . . '. 
Wagon' . . . . 
Locomotive . . 
Cornish.. . . . I 
Wagon . . . . . . 
Locomotive . I 
Cornish.. . . .. 
Wagon . . . . . 
Locomotive . 
Cornish . . . . . 
Wagon . , . . . 
Locomotive . 
Locomotive . 

- 
Ibs. - 
1.0. 
1.0. 
1.0. 

3.4. 
10.7. 
79.3. 

1.0. 

7.1. 
12.0. 

11% 
8'8. 
7.2. 
5.4. 

of Coal burnt under m e  boiler in 44.08. seconds. 
of ditto ditto in 1657. ditto. 
of Coke ditto in 645.  ditto. 

of Coal burnt on each  square foot of grate per hour. 
ditto ditto 

of Coke ditto 

of Water evaporated by 1 square foot of heated aurfac 
per hour from 2124 

ditto ditto 
ditto ditto 

of Water evaporated by l lb. of cod from 2129 
ditto ditto 
ditto 1 lb. of Coke, ditto 
ditto 1 lb. of Coal. ditto 

The  Cornish  Boiler possesses some peculiar  advantages,  both  as 
regards  structure  and  the  practice of slow  combustion, since,  by the 
former,  great  strength is attained, and, by the  latter,  time is given 
for the complete  combination of air  with  the heated  fuel, for the 
transmission of heat  through  the metal,  and  for  the escape of the 
steam through  the  water. The plates of the Cornish  boiler  are  usually 
i) an  inch  thick,  whereas  those of a  low  pressure  boiler  are  usually 
p to of an  inch thick ; thus a  much  larger  extent of surface is 
necessary  to  transmit  a  given  quantity of heat  in a given  time  in  the 
former  than  in  the  latter case. The Cornish  Engineers  allow  seven 
times as much  surface as in the  general  wagon  boiler  practice,  for 
the evaporation  of  equal  weights of water  in  equal times, and  twelve 
times as much  as  in  the  locomotive;  from which there  is  a p i n  of 
from 30 to 40 per cent. in  the former,  and of 64 with  coke  and 100 
with coal in  the  latter case. 

* The results for the Wagon Boiler are the mean fur  eight boilers. 
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The  Wagon boiler  has great disadvantages  of  structure,  being ill 
adapted  to  resist  ,internal  pressure,  liable to collapse, and  greatly 
affected by incrustation.  According  to the  above  table,  which 
exhibits the mean of eight  experiments,  the combustion  is 25 times 
more  rapid  per  boiler,  and 3 times  more  rapid  per  square  foot of 
grate  per  hour,  and  the  rate of evaporation  is 7 times  greater  than  in 
the Cornish. The loss  of heat,  the  Cornish  being  unity,  is 243 
per  cent. 

The construction of the  Locomotive  boiler is so very  different  from 
that of every  other species of evaporative  vessel, that  no  strict  analogy 
can be drawn  betwixt  it  and  any  other.  From  the  above  practical 
results it appears, that  the  rate of combustion  per  boiler  is  nearly 
7 times, and  per  square foot of grate  per  hour 23 times  more  rapid- 
that  the  rate of  evaporation  from  equal  surfaces 12 times  more  rapid 
than  the  Cornish Boiler-the  loss of heat,  the  Cornish  being  unity, 
51 per cent. 

The  author discusses at  length  the varying  circumstances  connected 
with  different bailers, and  the  corresponding inff uence  on  the above 
results,  and  particularly  the  system of management  by  which  he was 
enabled  with  a  Wagon  boiler  to approach the  Cornish  results. The  
table  accompanying  this  paper will frequently  enable  the  intelligent 
employer of a boiler  to  ascertain the best  proportion of parts,  and 
the best  practice. For,  having decided on  the  quantity of steam  he 
requires,  he  knows  the  quantity of fuel  which  will  generate  it  if  he 
adopts  the  measures of surface  and  proportions of parts,  which  have 
given  relative  effects; or he  can  ascertain  whether  his  present 
practice be good or  defective. Notwithstanding  the  great'  stride 
which  has been made  in  the economy  of fuel by the  Cornish  Engineers, 
the sources of waste  are  still  great,  and  we  may  hope  for  great ad- 
vances in evaporative economy, when  combustion  as  a  science  and 
practical art has  received the  attention which it merits. 

The effect of a  different  practice  as  regards  rapidity of cornbustion 
and  arrangement of parts,  entirely  disturbs  the  relation  betwixt 
boilers of equal surfaces; the table  shews an almost  perfect  identity 
in  the total, the radiant,  and  the  communicative  areas,  between the 
mean of eight  experiments on the  wagon  and  eleven on the  loco- 
motive  boiler,  and the locomotive  boiler  would  present between 3 
and 4 times  greater  surface to absorb the  heat  generated on the  grate 
than  the  wagon, if the  rate of  combustion were  the  same  in both, but 
the  rate of combustion is seven  times  more rapid  in  the locomotive, 
and  consequently the locomotive does not offer  one-half the surface 
of the  wagon  boiler  for  the  absorption of the  heat  produced from 
equal  weights of fuel in  the same time. The result of this  dis- 
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cordatit  practice  is a loss by the locomotive of Q’d of the  heat  which 
is  realized in the wagon  boiler ; that  the rate of evaporation  from 
equal  surfaces is augmented in the locomotive  by 65 per cent., SO 

that  the increase of evaporative  power  is  attended by a sacrifice of 
33 per cent. of fuel. 

The  locomotive possesses peculiar  advantages in  the  thinness of 
the  metal composing the  tubes,  and  the  subdivision of the  heat,  but 
these are more than  neutralized by the exceedingly  short  period of 
the  duration of the  heat,  from  any  given  quantity of fuel  about  the 
boiler. This most important  subject of time  is discussed in a  series 
of  propositions based on  the following  principles :-The structure of 
the boiler and  its  mode of setting occasion the  heat  to travel  greater 
or less distances, and over  very unequal  extents of  surface in  equal 
times, and  the  value of time  will  be  appreciated  by  referring  it  to 
the  rate of  combustion, to the distance  passed  over by the products 
of combustion  before  they  quit  the boiler, the  time  in  which  the  heat 
traverses the boiler, and  to  the period of the  duration of the  heat 
about  equal  areas of surface. These  remarkable e1ement.s give  rise 
to  eleven propositions, which are fully discussed and  illustrated  by 
tabulated  results. The  peculiar action  which  takes  place on  the 
metal of the boilers is  indicated by the  phrase intensitg of the  d o -  

action, since  there  are involved many actions  which are en- 
tirely  independent of the  temperature of the fire. The  relations 
furnished by some of these propositions are facts  as  regards  the 
relative action  of the fires, and  furnish  appropriate  measures of the 
effects  of  different  systems  of  practice on the  durability of the 
boiler. 

The  preceding  abstract  having  been read, Mr. Parkes  remarked 
there  were so many  elements  to be taken  into consideration-the 
evaporation  was  affected by so many circumstances-there were so 
many  things  left untold-that he  hoped some of the  many  who  were 
capable of making  experiments  would  give  their assistance. Every 
day’s work was an  experiment  which  ought  to be carefully  registered. 
H e  had  great difficulties  on many points, particularly  with respect to 
the Iocomotive  boiler and the thinness of the heat-absorbing  surface. 
It had been stated on  a preceding  evening  that Dr. Ure had  proved, 
if  two vessels  of equal size, the one of thin and the  other of  thick 
metal, be placed in  a sand  bath,  there  will  be  more  water  evaporated 
in a given  time  by  the  thicker  than  by  the  thinner vessel. This  was 
~ r y  extraordinary,  since  ha  thought  that 25 per cent.  would be  lost 
ill the locomotive  boiler  if the  tubes  were of double the thickness. 
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The  effect  of thickness of the  material  was  evident  in the experiments 
which  every boy has  made  with  the  paper boilers  over a candle. The  
r ed  cause of the destruction of boilers  is the application of heat to 
thick surfaces. Another  subject of peculiar  importance is the tem- 
perature  at which the  heat leaves the boiler  and  enters the chimney. 
H e  had  made  experiments  on  this at  Warwick,  and proved that  he 
could not boil the  water  in a vessel a t   the  top  of a chimney 60 feet 
high;  the  temperature  never exceeded 180" F. I t  was  argued  that 
more of this  heat could not be uwd,  but  the  Cornish  engineers  had 
shewn that  to be an error,  having  surpassed  his results. 

Another  subject is the constant loss  of heat by radiation;  he  had 
attempted to ascertain  this  with Mr. Wicksteed;  the  boilers  at  Old 
Ford  were covered with cinders, so that  but  little radiation  would 
take place but  from  the  front or bed;  still  the  quantity  of  heat 
which  goes off is considerable, and  one  great source  of waste. They 
had observed with  great  care  the  quantity of  coal requisite to keep 
the boiler hot;  this would furnish  some  measure of the loss due  to 
radiation. 

The  attention of the meeting  having  been  called  to AT. D'Har- Blocks for 

court's  artificial granite  for  railways, Mocks, and  other pllrposes, 
Mr. llastrick  remarked  that hc had  about a month ago laid down 
blocks of the Scotch  Asphalte, two feet  square, on a portion  of thc 
Southampton  Railway.  The  sleeper was put  in  while  the block 
was formed. I t  was  usual  to  bore  holes and to fix  the  chairs by 
bolts;  he  had  wished to ascertain  how  far  the blocks would  stand 
the  driving  in of the bolts, without  any  boring;  they bore this  with- 
ont  any  apparent  injury,  and  he  thought  these blocks, weighing 
about 3% cwt. would  answer  the  purpose,better  than blocks  of othcr 
materials. 

April 30, 1839. 

The   PRESIDENT  in   the  Chair. 

The  following  were balloted for  and  elected : Edward Cottam, as 
a Graduate ; Isaac Dodds  and  Edward Cressy, as Associates. 

I' On  the supply  of Water from Artesian  Wells " By R. W. RZylne. 

Artesian wells, so called  from their  having been  originally  adopted Artesian 
in  the province  of Artois, by the  Romans called Artesium,  are  usually We"a* 
made by boring  vcrticxlly through a  deep stratum of  clay into  one 

Downloaded by [ York University] on [16/09/16]. Copyright © ICE Publishing, all rights reserved.


